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BACKGROUND OF THE INVENTION 

The present invention is directed to data networks and, more particularly, to wireless data 
networks for providing mobile terminals and other devices with high speed data services such 
as high speed Internet services. 

Wireless data networks are typically employed as an extension of a wired data network 
or in place of a wired data network to provide user access to networked data services. The 
wireless data networks reduce or eliminate the need for wired connections and thus permit fast 
setup of a data network as well as allow for simplified, low cost additions to and reconfiguration 
of the data network. The wireless data networks also facilitate the use of hand-held or notebook 
computers, personal digital assistants (PDA) or other handheld or pocket devices to access the 
data services. 



Presently, wireless data networks may be configiired either as non-cellular wireless local 
area networks (LANs) or as celliilar wireless data networks. Non-cellular wireless data networks, 
such as peer-to-peer wireless LANs or single or multiple access point wireless LANs, provide 
high data throughput and thus support high speed data services. However, the non-cellular 
wireless data networks do not permit a user's computer or other device to remain connected to 
the network when the computer or device is moved from within the communication range of one 
access point or peer device to within the range of another access point or peer device. Thus, non- 
cellular wireless data networks provide users with only limited mobility. 

By contrast, cellular wireless data networks provide users with greater mobility. The 
cellular wireless data networks are divided into cells that function in a manner analogous to those 
of cellular mobile telephone network. At a given time, each computer or other device of the 
cellular wireless data network is associated with a respective access point and its corresponding 
cell or area of coverage. Communication between the computer or other device and the cellular 
wireless data network is "handed off from one access point to another as the computer or other 
device roams from cell to cell. The cells overlap to permit continuous communication between 
the computer or other device and the cellular wireless data network. Thus, cellular wireless data 
networks extend the range that the computer or other device may be connected to the data 
network. Traditional cellular wireless data networks, however, have poor bandwidth efficiency, 
also known as spectral efficiency, 

It is therefore desirable to provide a wireless data network that is capable of providing 
high speed data services as well as permitting high user mobility. 



SUMMARY OF THE INVENTION 

The present invention provides a wireless network architecture that supports both 
distributed mode operation and centralized mode operation. The invention also provides a 
wireless network architecture that can also dynamically switch from one mode to another as a 
function of implementation-specific triggers. 

In accordance with an aspect of the invention, wireless data communication is provided 
at a control entity. Data is received in accordance with an Open Systems Interconnection (OSI) 
reference model level 3 protocol. One of a centralized mode and a distributed mode is selected. 
When the centralized mode is selected, all operations of an OSI reference model layer 2 protocol 
are implemented to deliver the data to at least one transceiver device. When the distributed mode 
is selected, only a portion of operations of the layer 2 protocol is implemented to deliver the data 
to the at least one transceiver device. The portion of operations of the layer 2 protocol includes 
at least those of a centralized protocol sub-layer. 

According to another aspect of the invention, wireless data communication is provided 
at a transceiver station. Data is received in accordance with a selected one of a centralized mode 
and a distributed mode. In accordance with the centralized mode, the data is received from a 
control entity subsequent to implementation of all of an Open Systems Intercormection (OSI) 
reference model layer 2 protocol. In accordance with the distributed mode, the data is received 
subsequent to implementation of a portion of the OSI reference model layer 2 protocol. When 
the distributed mode is selected, a fiarther portion of the layer 2 protocol is implemented prior to 
transmitting the data. The further portion of the layer 2 protocol includes at least one distributed 
protocol sub-layer. An OSI reference model physical (PHY) layer protocol is implemented to 
transmit the data to a user device. 



Other features and advantages of the present invention will become apparent from the 
following detailed description of the invention with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described in greater detail in the following detailed description 
5 with reference to the drawings in which: 

Figure 1 shows a wireless protocol structure with a split layer 2 in accordance with the 
invention. 

Figure 2 is a block diagram showing a wireless network and the protocol layers and/or 
sub-layers associated v^th respective network elements for a distributed, single-cast mode in 
0 accordance with the invention. 

Figure 3 is a block diagram showing a wireless network and the protocol layers and/or 
sub-layers associated with respective network elements for a distributed, multi-cast mode in 
accordance with the invention. 

Figure 4 is a block diagram showing a wireless network and the protocol layers and/or 
. 5 sub-layers associated with respective network elements for a centralized mode in accordance with 
the invention. 

Figure 5 is a block diagram showing an example of an arrangement for carrying out the 
directing of data packets under either the centralized mode or the distributed mode in accordance 
with the invention. 

:o Figure 6 is a block diagram showing a more detailed example of the arrangement of 

Figure 5. 

Figure 7 is a block diagram showing a wireless network that incorporates the arrangement 
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of Figvire 6 and showing some of the network entities associated with each network element that 
carry out the distributed mode. 

Figure 8 is a block diagram showing a wireless network that incorporates the arrangement 
of Figure 6 and showing some of the network entities associated with each network element that 
carry out the centralized mode. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides a wireless data network architecture that supports both 
centralized mode operation and distributed mode operation. In the centralized mode, all of the 
Open Systems Intercormection (OSI) reference model data link layer, also known as layer 2, 
protocol functions are implemented within the radio access control entity, such as at a base 
station controller (BSC) or similar network controller. In the distributed mode, some of the layer 
2 protocol functions are implemented at the BSC or similar network controller, and some of the 
layer 2 protocol functions are implemented at the BTSs. 

The data transmission to a mobile terminal may be dynamically switched from one of the 
modes to the other as a function of various implementation-specific triggers such as the data 
transmission rate, the mobility of the customer device and the type of user application. As an 
example, the distributed mode may be implemented when a data call is made to or received from 
a customer device that is a stationary device or that has very low mobility. Alternatively, the 
centralized mode may be implemented when the data call is made to or received from a customer 
device that is highly mobile. 

As a further example, the distributed mode may be implemented when the data call 
accesses a data service or application that requires highly bursty traffic. Alternatively, the 
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centralized mode may be implemented when the data call accesses a data application that requires 
stream-type traffic. Thus, transmission and protocol process resources may be dyneimically 
adapted and optimized according to the quality of service requirements of a respective data 
service at various times during a data call. 

The dual mode operation is supported by a split layer 2 protocol design. A medium 
access control (MAC) sub-layer of the layer 2 protocol is divided into two respective portions, 
as is a radio link protocol (RLP) sub-layer of the layer 2 protocol. 

The MAC sub-layer is divided into a distributed MAC (D-MAC) sub-layer and a 
centralized MAC (C-MAC) sub-layer. The distributed MAC sub-layer is implemented by the 
BTSs. The centralized MAC sub-layer is implemented within the radio access network control 
entity, such as by the BSC. 

The RLP sub-layer is similarly divided into a distributed RLP (D-RLP) sub-layer and a 
centralized RLP (C-RLP) sub-layer. The D-RLP sub-layer is implemented by the BTS and the 
C-RLP sub-layer is implemented by the BSC. 

The MAC sub-layer is a protocol for providing level 2 functions such as for controlling 
access to and from the upper layer signaling, and for controlling data services and voice services 
to and from the physical layer resources. The RLP sub-layer is a protocol for providing level 2 
functions such as best effort or reliable data delivery. During reliable data delivery, also known 
as non-transparent data delivery, data reliability is maintained using error recovery from 
retransmitted data packets. The retransmitted packets are sent in response to automatic repeat 
requests (ARQs) and may contain the same data that was originally transmitted or may contain 
only the parity bits that were encoded from the transmitted data, such as when packet combining 
at the receiving end RLP sub-layer is supported. During best effort or transparent data delivery. 



error recovery is not provided, and layer 2 byte count integrity is maintained using a data byte- 
addressing scheme. 

The distributed RLP operation of the multiple BTSs and the centralized RLP operation 
of the BSCs are coordinated with each other to provide reliable layer 2 data transport and/or byte 
count integrity when a data application switches from the distributed mode to the centralized 
mode as well as when a data application switches from the cenfralized mode to the distributed 
mode. 

Figure 1 illustrates a protocol structure having a split layer 2 110 according to the 
invention. A D-MAC sub-layer 112 and a C-MAC sub-layer 114 each reside directly atop a 
physical layer 100. A D-RLP sub-layer 1 16 resides directly atop the D-MAC sub-layer 1 12 for 
providing either transparent or non-transparent layer 2 data transport when the data network 
operates in the distributed mode. A C-RLP sub-layer 118 resides directly atop the D-RLP sub- 
lay erl 12 to anchor data flow from the network layer, also known as layer 3, and the higher 
protocol layers 120 to the D-MAC sub-layer 112 and provide either fransparent or non- 
transparent layer 2 data transport. 

The C-RLP sub-layer 1 18 also resides directly atop the C-MAC sub-layer 1 14 to anchor 
data flow from the layer 3 and other higher protocol layers 120 to the C-MAC sub-layer and 
provide either transparent or non-transparent layer 2 data transport. 

An example of a wireless network and the protocol layers and/or sub-layers associated 
with respective elements in the network is shown in Figvires 2, 3 and 4. 

Figures 2 and 3 depict the wireless network and associated protocol layers and/or sub- 
layers of the disfributed mode. Each mobile terminal communicates with only one BTS at a time 
so that there is no soft handoff from one BTS to another BTS. The network may operate in a 



single-cast sub-mode in which the mobile terminal communicates with only one BTS for a 
relatively long duration before switching to another BTS or may operate in a multi-cast sub- 
mode in which the mobile terminalis always ready to switch from one serving BTS to another 
BTS. 

Figure 2 illustrates an example of the single-cast sub-mode of the distributed mode. A 
mobile terminal (MT) 240 receives data packets from and transmits data packets to a single BTS 
220, namely, the BTS having the strongest pilot signal strength. The mobile terminal 240 may 
be either stationary or moving. 

A packet data network (PDN) 200 receives and/or carries data from a networked data 
service or from a network device and implements layer 3 and above protocols, such as Internet 
Protocol/Point-to-Point Protocol (IP/PPP) 202, to deliver service data units (SDUs) to the base 
station controller (BSC) 210. The BSC implements the C-RLP sub-layer protocol 212 to direct 
the SDUs to a BTS 220. The BTS implements the D-RLP sub-layer, D-MAC sub-layer and 
Physical (PHY) layer protocols 222 to convert the SDUs to protocol data units (PDUs) and then 
transmits the PDUs to the mobile terminal 240. 

Figure 3 depicts an example of a network architecture and associated protocol layers 
and/or sub-layers of the multi-cast sub-mode of the distributed mode. In this sub-mode, a mobile 
terminal 340 may receive data packets from and/or transmits data packets to one of BTSs 
320,330 during a given time slot and then, during the interval between time slots, switch to 
another of the BTSs 320,330 and subsequently receive data packets from and/or transmits data 
packet to that BTS. 

The mobile station 340 determines when to switch from one BTS to another based on the 
current pilot signal strengths of the BTSs. The mobile terminal periodically measures the pilot 



signal strengths of "active" BTSs, namely the BTSs to which the mobile terminal may 
potentially switch, and maintains a list of the active BTSs and their respective pilot signal 
strengths. Typically, the strengths of the pilot signals change over time, and when the pilot 
signal strength of the BTS that is currently communicating with the mobile terminal falls below 
that of another active BTS, the mobile terminal generates a request to receive forward link data 
transmission from the BTS having the stronger pilot signal. The request may be generated 
immediately thereafter or after the expiration of a predetermined timer interval, or the request 
may be generated when the difference between the two pilot signals strengths exceeds a 
predetermined threshold value. 

The number of active BTSs in the list is determined by an infrastructure device of the data 
network, such as by the BSC or by a similar network controller, and is transmitted to the mobile 
terminal when a data call is initiated. The threshold value and/or the timer value are also sent to 
the mobile terminal during initiation of the data call. The infi-astructure device of the data 
network may also notify the mobile terminal of changes in the number of active BTSs in the list 
and in the threshold and timer values during the coiirse of a call. 

When a PDN 300 of Figure 3 has received and/or has carried data from a networked data 
service or from a network device, the PDN implements IP/PPP 304 or other layer 3 and above 
protocols to deliver SDUs to a BSC 310. The BSC implements the C-RLP sub-layer protocol 
3 12 to multi-cast the SDUs to each of the BTSs 320 and 330 of the active BTS list. Each of the 
BTSs 320 and 330 implements its D-RLP sub-layer, D-MAC sub-layer and Physical layer 
protocols 322 and 332, respectively, to convert the SDUs to PDUs. Only one of the BTSs, 
however, transmits the PDUs to the mobile terminal 340 at a given time, namely the BTS having 
the greater relative pilot signal strength. 



By multi-casting the data from the BSC 3 1 0 to more than one BTS, a continuous flow of 
data from the PDN 300 to the mobile terminal 340 is maintained even when the mobile terminal 
340 switches from one BTS to another in real time. Further, for a non-transparent RLP, a reliable 
data flow from the PDN 300 to the mobile terminal 340 is also maintained while the mobile 
terminal 340 switches from one BTS to another. 

Figure 4 shows the wireless network and its associated protocol layers and/or sub-layers 
for the centralized mode in which a mobile terminal 440 receives data packets from and transmits 
data packets to one or more BTSs 420, 430. Because all of the layer 2 protocol fiinctions are 
implemented in the BSC, the centralized mode supports soft hand-offs from one BTS to another 
BTS. During a soft hand-off, both of the BTSs 420, 430 concvirrently communicate with the 
mobile terminal 440. 

A packet data network (PDN) 400 implements IP/PPP 402 or other layer 3 and above 
protocols to deliver SDUs to the base station controller (BSC) 410. The BSC implements the C- 
RLP sub-layer protocol 412 and the C-MAC sub-layer protocol 414 to direct the SDUs to BTSs 
420 and 430. One of the BTSs implements its respective PHY layer protocol 422 or 432 to 
convert the SDUs to PDUs and then transmits the PDUs to the mobile terminal 340. 
Alternatively, such as dijring a soft hand-off, both of the BTSs implement their respective PHY 
layer protocol 422, 432, and both BTSs fransmit to the mobile terminal 340. 

Figure 5 shows an arrangement for carrying out the directing of data packets under either 
the centralized mode or the distributed mode in accordance with an embodiment of the invention. 
A C-RLP entity 5 1 0 and a D-RLP entity 532 provide forward link data transmission. The C-RLP 
entity 510, vmder the direction of a RLP control entity 500, receives layer 3 and above service 
data units (SDUs) 522. In the distributed mode, the C-RLP entity 510 implements the C-RLP 



10 



sub-layer protocol to multicast the SDUs to a D-RLP entity 532, a D-MAC entity 534 and a PHY 
entity 536 in one or more combined units 530, 540, 550. The D-RLP entity 532 implements the 
D-RLP sub-layer protocol under the direction of the RLP control entity 500, the D-MAC entity 
534 implements the D-MAC sub-layer protocol, and the PHY entity 536 implements the PHY 
layer protocol. In the centralized mode, the C-RLP entity 510 directs the SDUs to a C-MAC 
entity 522 and to a PHY entity 520. The C-MAC entity 522 implements the C-MAC sub-layer 
protocol, and the PHY entity 520 implements the PHY layer protocol to convert the SDUs to 
PDUs for transmission to a mobile terminal (not shown). 

Figure 6 illustrates the arrangement of Figure 5 in greater detail. A C-RLP entity 610 
includes a C-RLP transmit (Tx) buffer 612, a RLP switch 614, a centralized mode automatic 
repeat requestor (ARQ) 616, an optional, distributed mode ARQ 617, and a multi-caster 618. 
A D-RLP entity 63 1 includes a RLP transmit (Tx) buffer 636 and a further optional ARQ 634. 
A RLP control entity 600 controls the C-RLP and D-RLP entities in the manner described above 
to direct the distributed mode and the centralized mode. 

The RLP transmit buffer 6 1 2 receives layer 3 and above SDUs 660 and delivers the SDUs 
to the RLP switch 614. In the distributed mode, when the ARQ function is implemented within 
the C-RLP entity 6 1 0, the RLP switch 6 1 4 directs the SDUs to the ARQ 6 1 7, which then directs 
the SDUs to the multi-caster 618. Alternatively, when the ARQ function is not implemented 
within the C-RLP entity 610, the RLP switch directs the SDUs directly the multicaster 618. 

The multicaster 618 multicasts the SDUs to each of the combined units 630, 650, 670. 
The received SDUs are retained in the RLP transmit buffer 636 of the D-RLP entity 631. The 
D-RLP entity 631, the D-MAC entity 640 and the PHY entity 642 each implement their 
associated layer or sub-layer protocol, as described above. 
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For non-transparent data transmission, the ARQ function is implemented by the ARQ 6 1 7 
within the C-RLP entity 610 or is implemented by ARQ 634 within the D-RLP entity 63 1. The 
ARQ 61 7 or 634 provides error recovery by retransmitting the PDUs, or the parity bits generated 
from encoding the PDU, to the mobile terminal when requested by the mobile terminal. For 
transparent data transmission, the ARQ 617 and the ARQ 634 are disabled, though byte count 
integrity is nevertheless maintained. 

Figure 7 shows an example of a wireless network that incorporates the arrangement of 
Figure 6 and which directs the data packets in the manner described above. Some of the entities 
that carry out the distributed mode are also shown. A BSC 710 includes C-RLP entity (not 
shovra) that has a C-RLP transmit buffer 712, a RLP switch (not shown), an optional ARQ (not 
shown) and a multi-caster (not shown). The BSC is directed by a RLP control (not shown). The 
BTSs 720 and 730 each include a D-RLP entity (not shown) having a respective RLP transmit 
buffer 722, 732 and having a further ARQ 724. The BTSs also include a D-MAC entity (not 
shown) and a PHY entity (not shown). 

As described above, a mobile terminal 740 maintains a list of the active BTSs. Each of 
the BTSs in the active BTS list, as well as the C-RLP entity of the BSC 710, maintains the same 
cache of newly received data as well as of a predetermined nvimber of bytes of data previously 
transmitted to the mobile terminal. The cache is retained in the respective D-RLP transmit 
buffers 722, 732 of the BTSs and in the C-RLP transmit buffer 712 of the BSC 710. 

To synchronize the C-RLP transmit buffer 7 1 2 and the D-RLP transmit buffers 722, 732, 
a byte addressing scheme is employed that is also used for automatic repeat requests (ARQs). 
Each byte of data that the BSC 7 1 0 receives from the PDN 702 is assigned a byte count sequence 
number that is greater than the sequence number of its immediately received predecessor. When 
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the BTS 720 generates a RLP protocol frame which is to be transmitted to the mobile terminal 
740, the BTS incorporates the sequence number of the first data byte of the frame into the frame 
header and also incorporates the length of the frame, namely the number of data bytes in the 
frame, into the frame header. 

The D-RLP transmit buffers 722, 732 of the BTSs of the active BTS list also use common 
implementation-specific maximum and minimum values to control the flow of data bytes from 
the C-RLP transmit buffer 712 of the BSC 710. The synchronization of the D-RLP and C-RLP 
transmit buffers and the control of the flow of data bytes permit a continuous flow of data packets 
in the forward direction when the mobile terminal switches from one BTS to another and when 
the mobile terminal switches between the distributed mode and the centralized mode. 

The following feedback schemes are proposed to support fast cell selection and switching. 
The mobile terminal periodically sends one or more reverse link messages to the each active 
BTSs that includes: ( 1 ) information that conveys the received signal-to-interference ratio for each 
of the active BTSs, (2) information that conveys the ARQ state and data flow integrity including: 
(a) the sequence nvimber of the next data byte requested by the mobile terminal, (b) the sequence 
number of the last byte that was cleared from the re-sequencing buffer of the mobile terminal to 
the higher protocol layers, and (c) the sequence numbers of the data bytes that are to be 
retransmitted. 

The information related to the measured signal-to-interference ratio of the active BTSs 
is used by the active BTSs to determine which BTS will next communicate with the mobile 
terminal, namely the BTS having the greatest measured signal-to-interference ratio. Then, 
starting with the next time slot, the selected BTS transmits data to the mobile terminal beginning 
with the next data byte that was requested by the mobile terminal. The next data byte may be the 



13 



first data byte of new data or may be the first data byte of previously transmitted data that is to 
be retransmitted to the mobile terminal. When previously transmitted data is requested, the 
mobile terminal also transmits the number of bytes requested for retransmission and may 
transmit the number of times that retransmission of these data bytes was previously requested, 
such as when the mobile terminal RLP protocol supports packet combining. 

The sequence number of the last byte that was cleared from the re-sequencing buffer of 
the mobile terminal is used by the BTSs in the active BTS list to clear any previously transmitted 
data that is currently retained by their D-RLP transmit buffers. 

Referring back to Figure 6, in the centralized mode, the RLP switch 6 1 4 directs the SDUs 
to the ARQ 616 which, in turn, delivers the SDUs to the C-MAC entity 622. The C-MAC entity 
622 implements the C-MAC sub-layer protocol to direct the SDUs to the corresponding PHY 
entity 620 which implements the PHY layer protocol to convert the SDUs to PDUs for 
subsequent transmission to the mobile terminal. 

Figure 8 shows a further example of a wireless network that incorporates the arrangement 
of Figure 6 in which some of the entities that carry out the centralized mode are shown. A BSC 
810 includes a C-RLP entity (not shown) that has a C-RLP transmit buffer 812, a RLP switch 
(not shown) and an ARQ 8 1 4 and which is directed by a RLP control (not shown). The BSC also 
includes a C-MAC entity (not shown). BTSs 820 and 830 each include a respective PHY entity 
822, 832. 

The C-RLP transmit buffer 812 of the BSC 810 receives data bytes from the PDN 800 
and passes the data via the RLP switch to the BTSs 820, 830. For non-transparent data packet 
delivery, the ARQ 814 of the BSC 810 provides error recovery using data retransmission. For 
transparent data packet delivery, the ARQ 814 is disabled and, instead, byte count integrity of 
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the data flow is maintained using the above-described byte-addressing scheme. 

When the mobile terminal switches from the centralized mode to the distributed mode, 
the N previous transmitted data bytes stored in the C-RLP transmit buffer 812 are sent to the 
BTSs of the active BTS list to maintain a continuous flow of flow of data packets in the forward 
5 direction. 

Thus, the invention provides the flexibility of supporting different types of users and 
service providers by providing both low and high data rate services as well as supporting both 
low and high customer mobility. Further, the invention provides high spectral efficiency while 
maintaining high cell coverage. 

Although the present invention has been described in relation to particular embodiments 
thereof, many other variations and modifications and other uses may become apparent to those 
skilled in the art. It is preferred, therefore, that the present invention be limited not by this 
specific disclosure herein, but only by the appended claims. 
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